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ABSTRACT 


The present study investigated the accumulation of selected HMs by Chromolaena odorata and the 
concomitant effects on leaf anatomical features. Top soils were collected from a marked plot and 
pooled together to obtain a composite sample. The soil was sun-dried to constant weight and 
measured into experimental pots at 20kg each). The pots were divided into 5 metal groups with 3 
sub-groups each. Each group was polluted with Manganese (Mn), Cadmium (Cd), Copper (Cu), 
Lead (Pb) and Zinc (Zn) in their respective chloride forms. Concentrations of the metals in the soil 
were initially based on their respective ecological screening value/benchmark (ESV). The ESV 
values for the 5 HMs were 50, 4, 100, 50 and 50 mg/kg respectively. Within each group, the 
respective HMs was applied in 3 concentrations of 1ESV, 3ESV and 5ESV. The control experiment 
consisted of plants grown in soils with no exogenous application of the test metals. The experiment 
was triplicated. Twenty hours later, equal sized stem cuttings of C. odorata (2.0 - 2.3cm in 
thickness, 30 cm in length) were planted per experimental pot. Six months later, results showed 
significant accumulation of metals in plant stem, leaves, and most especially the root. Mn was the 
most accumulated HM in all plant parts (9.22 — 17.86 mg/kg), compared to Cd (0.85 — 1.66 
mg/kg ).Significant changes in folial anatomy were reported in HM-impacted plants compared to 
the control. There were more upper epidermal stomata (270 - 353 mm’) in Mn-exposed plants 
compared to the others. Increase in vascular bundle thickness (p<0.01) was reported in HM- 
exposed plants compared to control. Highly significant decrease in stem parenchyma thickness 
(p<0.01) never the less parenchyma thickness of HM-exposed plants ranged from 46.37 — 49.53 um 
in Zn and Pb-exposed plants compared to 79.23 um in the control. 


Keywords: Chromolaena odorata, Ecological screening value, Anatomy, Heavy metal, 
Phytotoxicity, Ecophysiology 


1.0. Introduction 


The impact of toxicity of heavy metals on plants has been known to be far-reaching. These effects 
include significant changes in plant morphology, anatomy, physiology or biochemistry, which 
eventually result in either a decrease in the plant’s exposure to the stressor(s) and/or limit damage and 
enable repair of compromised plant systems. When plants were exposed to higher concentrations of 
cadmium, the physiological impact was a significant impairment of calcium equilibrium, which 
inadvertently resulted in impairment of cell wall elasticity and cell redox balances (Perfus-Barbeoch 
et al., 2002). The significant interference of heavy metals in plant metabolism has long-term 
consequences for plant anatomical and developmental patterns (Akhil and Subhan, 1997; Bhandari 
and Mukhopadhyay, 1997; Maruthi Sridhar et al., 2005; Katayama et al., 2013). 
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Heavy metal effects on plant anatomy are very important particularly given their role in 
photosynthesis and other important plant processes. The major concern therefore is the consequences 
these anatomical changes would present on plants that are used in the remediation of heavy metal- 
contaminated systems (Li et al., 2006; Katayama et al., 2013). Much as the efficiency of heavy metal 
clean-up is critical, it is also important to know the level of anatomical impairment exposure to heavy 
metal may present on the plant in question. One of such plants is Chromolaena odorata. Being 
consistently used in heavy metal remediation, it is important to understudy its adaptive capabilities 
under heavy metal influence (Baker and Brooks 1989; Qureshi et al., 1995; Velasco-Alinsug et al., 
2005; Singh et al., 2009). This is necessary to enhance knowledge of the plants’ tolerance capacities. 


The key means of gaseous exchange in vascular plants are the stomata. Any anatomical changes that 
affect the arrangement of conductance of the stomata will certainly impair plant gaseous exchange 
capacity, and the resultant effects are impaired metabolism and overall development. Heavy metal 
toxicity has been previously reported to affect epicuticular wax on leaf surfaces, which concomitantly 
affects stomatal opening (Frey et al., 2000; Singh et al., 2009). Reduction in the epidermal structure, 
reduction in cell size, as well as a rise in per unit area of stomata and trichomes with concurrent 
decrease in guard cells dimensions have been linked to heavy metal toxicity. These changes are not 
entirely reported for all plants, whether in the leaves, stem or roots; observable indicators of metal 
toxicant in plants vary at the structural and ultra-structural levels, from plant to plant. These variations 
are as a result of differences in interaction between the plants essential components and the toxic 
heavy metals (Singh and Sinha, 2004; Maruthi Sridhar et al., 2005; Katayama et al., 2013). Studying 
changes in leaf tissues also helps understand the process of metal accumulation and tolerance. 


Hyperaccumualtor plants are known for their capacity to amass significantly higher concentrations of 
heavy metals, and at the same time, possess rapid growth rate and improved biomass accumulation 
(Marchiol et al., 2004). However, the limitation of metal uptake in different plant parts have been 
reported (Maruthi Sridhar et al., 2005). Li et al. (2006) also stated that most hyperaccumulator species 
produce little biomass and have slow growth rates. In order, therefore, to critically appraise plant 
performance as hyperaccumulators of heavy metals, an understanding of the anatomical, metabolic, 
and molecular mechanisms involved in heavy metal accumulation in different parts of the plant is 
therefore required. Given the fact that changes in plant anatomy can significantly alter plant metabolic 
activities, as well as molecular capacities in plant (Todeschini et al., 2011), studying these changes 
can help to understand the overall phytoremediation process (Maruthi Sridhar et al., 2005). This is the 
basis upon which the present study was executed. 


2.0. Methodology 


2.1. Methods 


Top-layered garden soil (0 — 10 cm) was collected from ten random spots in the Botanic Garden of the 
Ugbowo Campus of the University of Benin and pooled together to form a composite soil sample. 
These were sun-dried to constant weight; and then 20 kg each was measured into experimental pots. 
The soil in each experimental pot was moistened with water to water holding capacity, which was 
earlier determined to be 190 ml/kg soil, and was made ready for use. The pots were then divided into 
5 metal groups with 3 sub-groups each. Each entire group was then artificially polluted with 
Manganese (Mn), Cadmium (Cd), Copper (Cu), Lead (Pb) and Zinc (Zn) in their respective chloride 
compounds. Concentrations of the metals in the soil were initially based on their respective ecological 
screening value/benchmark (ESV) as documented by Efroymson et al. (1996). The ESV values for the 
5 heavy metals (HM) were 50, 4, 100, 50 and 50 mg/kg respectively. Within each group, the 
respective heavy metals were applied in 3 concentrations of IESV, 3ESV and 5ESV. Heavy metal 
pollution in the pots were done by ensuring first that separate measured quantities of the respective 
heavy metals were dissolved in 3.38 litres of water with which each 20 kg-soil was moistened again 
and thoroughly mixed. The control soil did not receive any heavy metal contamination. After another 
24 hrs, equal sized stem cuttings of C. odorata (2.0 - 2.3 cm in thickness, 30 cm in length) were 
planted vertically into the soil with a third of stem cutting buried into the soil. Two stem cuttings were 
planted per experimental pot. Since the experimental pots were exposed to prevailing weather 
condition, water holding capacity of each experimental pot was adjusted daily by adding 500 ml of tap 
water (pH 6.5-6.9). Adequate soil moisture was maintained at all times following standard methods 
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(USDA, 2000). The experimental set up was maintained in the screen house for 6 months, after which 
foliar anatomical studies were conducted on freshly emerging leaves of the test plant. 


2.2. Physicochemical parameters 


Soils were dried at ambient temperature (22 — 25 °C) and were then crushed in a porcelain mortar and 
sieved through a 2-mm (10 meshes) stainless sieve. They were then wrapped in aluminum foil papers 
and stored for subsequent analysis. For determination of soil pH, 20ml distilled water was introduced 
into 20g of the soil and allowed to stand for 30 minutes. The mixture was stirred occasionally with a 
glass rod and the pH determined by inserting the pH meter (Model PHS-3C) into the suspension, and 
the soil conductivity read through a hand-held conductivity meter (HI 70039P, Hanna Instruments). 


For determination of total organic carbon, 0.5 g of each air-dried soil sample was put into a conical 
flask and 2.5 ml of 1N potassium dichromate solution K,Cr,O7 was added and swirled gently to 
disperse the sample in the solution. Five millilitres (5 ml) of concentrated tetraoxosulphate (VI) acid 
was added rapidly, into the flask and swirled gently until sample and reagents were mixed and finally 
swirled vigorously for about a minute. The flask was allowed to stand in a fume cupboard for 30 
minutes. Five to ten (5 to 10) drops of the indicator were added and the solution titrated with 0.5N 
FeSO, to maroon colour. A blank determination was carried out to standardize the dichromate 
(Nelson and Sommers, 1982). TOC content was calculated as follows (Osuji and Nwoye, 2007): 


TOC(%) = (meqK, Cr,0, — meqFeSO,) x 0.003 x 100 x 1.3 (1) 
= weightof sample(g) 


where: 

meq K Cr207 = 1N x 2.5 ml 

meq FeSO, = 0.5 N x Volume of titrant in ml 
0.03 = Milliequivalent weight of carbon 

1.30 = Correction factor 


Nitrogen in the soil was determined by Kjeldahl digestion method. For the determination of the, 10g 
of soil was weighed into a 250 ml plastic bottle. 100 ml of (0.05M HCI in 0.05M H,SQO,) was added, 
stopper and then shaken for 30 minutes in mechanical shaker. The mixture was filtered through 
Whatman filter paper No.42and then, Fe, Cu, Mn, Zn, Cd, Cr, Pb, Ni and V were determined in the 
filtrate by Atomic Absorption Spectrometry (Bray and Kurtz, 1945a, b; SSSA, 1971). 


Heavy metal accumulated in plant stem, roots and leaves were also determined accordingly after 6 
months. This was done by removing plant from soil and carefully washing off the attached soil and 
decries. The plants were sun-dried and each plant separated into stem, leaves and roots. Each part was 
crushed and grounded to powder before determination of heavy metals in the plant parts was carried 
out. Soil physicochemical parameters of soil were then determined prior to usage of the soil according 
to standard procedures (Bray and Kurtz, 1945a, b; SSSA, 1971; Nelson and Sommers, 1982; Osuji 
and Nwoye, 2007; Nasir et al., 2015). All physicochemical analyses were conducted in 3 replicates. 


2.3. Anatomical assessment 


The foliar epidermal characteristics of Chromolaena odorata was used for the study. Voucher 
specimens were deposited at the University of Lagos Plant Antomy Laboratory, Lagos State, Nigeria; 
and were investigated by means of light microscopy following the methodology of foliar epidermal 
morphological described by Ahmad (1976), Akhil and Subhan (1997), Kadiri et al. (2011), Kadiri 
and Ayodele (2003), leaf architecture terminologies follow Dilcher (1974) and Hickey (1973). Leaf 
epidermal preparations involved cutting one to five centimeters square portions from the standard 
median portion of the leaf laminar near the mid-rib and then swelled by boiling in water for twenty - 
thirty minutes. The leaf pieces were later soaked in concentrated trioxonitrate (V) acid (HNO3) in 
capped specimen bottles for 24h to macerate the mesophyll. Tissue disintegration was indicated by 
bubbles, and the epidermises were transferred into Petri- dishes containing water for cleansing and 
then, epidermises were separated with forceps and mounting needles. Tissue debris was cleared off 
the epidermises with fine hair brush and washed in several changes of water. Drops of different grades 
of ethanol: 50 %, 70 %, 75 % up to 100 % were added in turn to harden the cells. Preparations were 
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later stained with Safranin O in 50 % alcohol for about five minutes before mounting in glycerine on a 
glass slide. The epidermises were mounted on a glass slide with upper surfaces facing up and then 
covered with cover-slips and ringed with nail varnish to prevent dehydration. 


Representative samples of leaf, stem and root were obtained for anatomical evaluations. Free hand 
transverse sections were made using a razor blade and taken through an alcohol series (as 30 % and 
50 % alcohol). The samples were subsequently stained with 1 % safranin in 50 % ethanol. Stained 
material was mounted on glass slides using glycerin and Photomicrographs were taken. Other 
vegetative anatomical studies take after the methods of Bhandari and Mukhopadhyay (1997), Cutler 
(2005) and Radford (1967). Slides were examined with top view light microscopes at x100 and x400. 
All measurements in light microscope (LM) were made using a calibrated eyepiece micrometer with 
x40 objective. From each species 5 cells and stomata were randomly selected for measurement. Three 
replications were done for this measurement. Stomata index was calculated using the formulae of 
Stace (1965): 


. oe Stomata number x 100 (2) 
SPH ae weightof sampleCell number per unit area + stomata number(g) 


A morphological study for the leaf epidermal surfaces was carried out. Qualitative characters are; 
stomata type, epidermal type and cell shape patterns. Quantitative characters are epidermal cell length 
and width, number of epidermal cells per field of view, epidermal cell wall thickness and stomata 
length. All measurements were made using the light microscope at magnification (x 400, x100) using 
micrometer eyepiece. Statistical analyses of data were performed using SPSS® version 20.0. A single 
factor analysis of variances was used to analyse data having assumed homogeneity of the entire 
experimental plot when soils were pooled before use. Least significant differences were used to 
separate treatment means at 95% confidence limit. 


3.0. Results and Discussion 


The physico-chemical condition of the soil before application of heavy metal contaminants has been 
presented (Table 1). Soil pH was 5.97, with significant increased iron content (1011.92 mg/kg). There 
was significant heavy metal accumulation in plant parts after 6 months of exposure. Generally, rhizo- 
accumulation of the respective heavy metals was noticeably more prominent than metal accumulation 
via stem and leaves (Table 2). Manganese was the most accumulated heavy metal in all plant parts 
(9.22 — 17.86 mg/kg), compared to Cd (0.85 — 1.66 mg/kg). 


Table 1: Physico-chemical properties of soil before contamination. These are background mean 
concentrations (n = 5) (mean + S.E.M). 


Parameters Mean + SEM 
(n= 3) 

pH 3.97:2:0.67 

Electric conductivity (us/cm) 301.21 + 23.01 

Total organic carbon (%) 0.49 + 0.09 

Total Nitrogen (%) 4.18+ 1.06 

Exchangeable acidity (meq/100g) 0.22 + 0.08 

Na (meq/100g) 10.90 + 2.11 

K (meq/100g) 1.48 + 0.62 

Ca (meq/100g) 14.32 + 3.10 

Mg (meq/100g) 12.01 + 3.22 

Heavy metals 

Fe (mg/kg) 1011.92 + 73.38 

Cd (mg/kg) <0.001 

Mn (mg/kg) 17.03 +3.22 

Pb (mg/kg) 0.03 + 0.01 

Cu (mg/kg) 3.93 + 0.01 

Zn (mg/kg) 30.12 + 3.06 
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Table 2: Heavy metal concentrations (mean + SD) in plant part after 6 months 


Heavy Total heavy metal concentrations (mg/kg DW) P-value LSD(0.05) 
Metals Leaves Stem Root 

Mn+lESV 12.65+2.12 10.38+2.04 16.07+3.84 0.429 4.17 
Mn+3ESV 12.234+1.93 10.51+1.32 17.86+4.18 0.096 6.33 
Mn+5ESV 11.53+42.55 9.22+0.98 13.36+2.23 0.218 4.92 
Pb+1ESV 2.85+40.73 3.28+0.06 5.93+41.37 <0.001 1.05 
Pb+3ESV 2.12+0.83 3.78+1.98 6.23+1.47 0.117 4.52 
Pb+5ESV 2.44+1.16 4.3741.32 5.59+0.94 0.026 3.58 
Cu+lESV 5.82+0.84 7.87+40.93 7.5242.11 0.428 4.31 
Cu+3ESV 6.2141.53 4.7540.36 5.99+1.30 0.375 3.06 
Cu+S5ESV 6.02+1.15 6.17+41.46 6.39+41.32 0.739 2.97 
Cd+1lESV 0.85+0.16 1.06+0.65 1.42+0.76 0.522 0.69 
Cd+3ESV 1.05+40.38 1.66+0.47 1.60+0.35 0.041 0.99 
Cd+S5ESV 1.09+0.19 1.56+0.45 1.47+40.37 0.669 1.06 
Zn+1 ESV 3.20+0.01 4.71+0.89 9.33+41.47 <0.001 2.17 
Zn+3ES V 2.81+40.06 4.18+0.16 15.19+1.48 <0.001 4.44 
Zn+5ES V 3.85+0.11 4.49+1.11 11.13+1.04 <0.001 5.29 
Control NA NA NA NA NA 
p-value <0.001 <0.001 <0.001 - - 
LSD(0.05) 4.97 5.48 4.66 - - 


NA: Not applicable 


Changes in leaf epidermal parameters of Chromolaena odorata have been presented on Plates 1 — 9 
and on Tables 3 — 8. It is important to state that all stem cuttings survived after 6 months in all metal 
concentrations. Significant changes in number of stomata in the upper epidermis of plant leaf was 
reported (p < 0.05). Although there were 254 stomata mm” in the control leaves, these values 
increased to values between 239 and 324 stomata mm” in the leaves of Zn-exposed plants (Table 3) 
and 270 - 353 stomata mm” in Cd and Mn-exposed plant leaves respectively (Table 4). Stomatal 
structures of Cu and Mn have been presented on Plates 1 - 9. 


Significant reduction in upper epidermal stomatal length (20.1 — 24.5 um) was reported in Cd- 
exposed plant leaves, compared to 32.5 um in the control (Table 4, Plates 13 - 16). There was 
evidence of wavy anticlinal walls in the leaves of Cd-exposed plants (Plate 14). No significant 
changes in upper epidermal stomatal length compared to the control was reported in the other HM- 
exposed plant leaves. 


There were more stomata in the lower epidermis of Zn-exposed plants (22 — 26 mm”), compared to 
the control (14 mm”). However, no significant changes in lower epidermal stomata number per 
squared millimeter was reported for Cu, Cd, Pb and Mn-exposed plants (p > 0.05). These foliar 
epidermal sections have been presented on Plates 17 — 32. Notably, length of lower epidermal stomata 
was not affected by HM concentrations, compared to the control. 


The effects of HM concentrations on stem anatomical characteristics of the test plant showed highly 
significant decrease in stem parenchyma thickness when compared with the control (p < 0.01) (Table 
5 — 6). Parenchyma thickness of HM-exposed plants ranged from 46.37 — 49.53 um in Pb and Zn- 
exposed plants, compared to 79.23 um in the control (Table 5). Stem parenchyma thickness of test 
plant in Cd-polluted soils was 29.71 — 40.52 um (Table 4, Plate 17 - 22). Increases in vascular bundle 
thickness (p < 0.01) was reported in HM-exposed plants compared to the control. Increased xylem 
thickness was reported in plants exposed to higher levels of Pb and Zn. However, significant 
reductions in the same parameter were reported for plants exposed to higher levels of Cu, Cd and Mn 
(Tables 5 - 6). 


Plant exposure to heavy metal concentrations significantly impaired root anatomical parameters of 


Chromolaena odorata (Tables 7 and 8; Plates 21 — 31).HMs did not significantly affect the thickness 
of root pith (p > 0.05). Significant increases (p<0.01) due to Zn exposure were recorded for xylem 
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thickness (139.34 — 184.10 um), compared to the control (99.23 um); for the other HM-exposed 
plants other than Pb+5ESV-exposed plants, no significant changes in xylem thickness was observed. 


Table 3: Changes in leaf epidermal parameters of Chromolaena odorata under experimental stress at 
6 months after sowing (mean + S.E.M) 


Stomatal Ctrl Pb+ Pb + Pb + Zn+ Zn + Zn + p-value LSD (0.05) 
parameter IESV 3ESV  5ESV 1ESV 3ESV 5ESV 
Upper Number (mm) 254.2 277.5 249.1 249.5 324.5 282.3 239.11 0.016 33.64 
epidermis +12.1 +12.8 +1240 +12.0 13.7 13.00 +13.40 
Length (um) 32.) 26.5 29 25.5 2A 32 28.35 = 0.025 8.66 
+2.50 +2.64 4290 +240 +2.40 +3.10 +2.60 
Breadth (um) 18.3 15.5 16.4 15.5 13.4 27.3 16.51 <0.001 1.64 
+250 Æ). +4.11 +4.12 +3.58 +2.27 +4.13 
Thickness (um) 5.2 5l 3.75 2.5 5.1 52 5.24 0.047 1.33 
+3.20 -43:1 +2.11 1.50 2.11 +2.31 +2.44 
Lower Number (mm) 14.5 18.4 16.1 18.2 VES 225 26.3 0.022 6.63 
epidermis 42.4 +2.6 +2.11 +3.70 #42 +2.10 +5.80 
Length (um) 13.5 11.5 14.5 14 14 16.5 15.5 0.058 5.18 
+1.40 +2.6 +7.41 +6.00 +6.00 +7.50 +6.33 
Breadth (um) 5.5 Zo 3.1 4.25 32 2.5 pes) 0.047 1.12 
+2.50 +1.4 +1.21 8 +1.43 +2.00 +2.00 +2.00 
Thickness(um) 52 5.1 3.75 29 5.3 52 5.1 0.018 1.32 


+3.20- -43.1 +2.44 +2.00 +3.10 +3.12 +3.55 


Table 4: Changes in leaf epidermal parameters of Chromolaena odorata under experimental stress at 
6 months after sowing (mean + S.E.M) 


Stomatal Ctrl Cu+ Cu+ Cu+ Cd+ Cd+ Cd+ Mn+ Mn+ Mn+ p- LSD(0.05) 
parameter 1ESV 3ESV SESV 1ESV 3ESV SESV 1ESV 3ESV SESV value 
Upper Number (mm*) 254.2 258.2 332.3 314.5 307.5 285.1 270.4 323.2 326.5 353.5 0.014 33.6 
epidermis +12.1 +1011 +11.64 +1048 +1031 +1140 +1181 +11.84 +13.20 +134 
Length (um) 32.5 32.5 37.2 33.3 24.5 20.1 23.5 30.1 29.5 31.3 0.035 8.66 
+2.50 +2.87 +2.70 +3.50 +2.48 +2.0 +3.1 +3.4 +2.10 +3.20 
Breadth (um) 18.3 12.5 11.3 20.2 17.5 16.5 18.2 16.4 20.5 16.2 0.009 1.64 
+2.50 +2.18 +2.30 +1.92 +2.73 +2.84 +1.77 +1.84 +1.54 +1.23 
Thickness 5.2 Zo 5.4 5.2 5.3 5.3 5.4 5.2 5.4 5.1 0.011 1.33 
(um) +3.20 +1.50 +2.64 +2.77 +2.87 +2.87 +2.89 +2.80 +2.81 +2.82 
Lower Number (mm) 14.5 19.4 19.2 16.4 19.5 18.5 19.5 23.1 18.5 18.5 0.028 7.63 
epidermis +2.4 +6.41 +7.72 +3.40 +5.41 +6.11 +5.12 +7.00 +8.23 +3.10 
Length (um) 13.5 16.1 14.1 14.2 14.5 13.5 13.1 13.5 13.5 14.5 0.132 5.18 
+1.40 +7.11 +6.20 +11.40 +1.30 +10.42 411.35 +11.24 11.24 11.26 
Breadth (um) 5.5 4.75 3.25 3.5 4.5 3.3 2.5 3.25 25 2.5 0.008 1.12 
+2.50 +2.50 +1.22 +1.31 +2.10 +1.71 +1.42 +2.93 +1.10 +1.10 
Thickness(um) 5.2 2.5 5.3 5.2 5.4 5.3 5.1 5.2 5.3 5.2 <0.001 1.3 


+3.20 +2.21 +2.41 +2.42 +2.33 +3.42 +3.11 +3.42 +3.11 +3.42 


Table 5: Changes in stem anatomical parameters of Chromolaena odorata under experimental stress 
at 6 months after sowing 
Stomatal Ctrl Pb+ Pb + Pb + Zn+ Zn + Zn + p- LSD(0.05) 
parameter IESV  3ESV S5ESV  1ESV 3ESV S5ESV value 
Parenchyma 79.23 49.51 47.62 49.53 49.54 49.53 46.37 <0.001 11.56 
thickness +2.01 +1.11 +1.76 1.85 +1.15 +1.62 0.28 


(um) 

Vascular 495.1 732.6 752.4 732.6 633.6 673.2 608.8 <0.001 109.69 
Bundle +6.45 +12.77 +8.72 +6.47 +12.00 +12.03 +12.13 

thickness 

(um) 


Epidermal 49.54 45.53 23.76 49.51 49.52 19.83 19.81 0.006 9.35 
thickness +4.32 41.45 +1.01 +2.34 +1.15 +0.98 +0.99 


(um) 

Xylem 69.31 49.52 49.53 88.8 69.31 69.34 89.13 0.036 13.2 
thickness +12.3 +13.20 4464 +11.80 +4.34 +3.87 +4.94 

(um) 

Cortex 5148 5742 5544 495.3 475.2 5942 495.3 0.006 26.46 
thickness +7.84 +7.30 +3.11 412.22 +2.65 +634 +7.45 

(um) 
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Plate 1: Leaf upper epidermis of C. odorata exposed to Pb +1ESV (mag. x400) 
Plate 2: Leaf upper lower epidermis of C. odorata exposed to Pb+3ESV (mag. x400) 
Plate 3: Leaf upper epidermis of C. odorata exposed to Zn+1ESV (mag. x400) 
Plate 4: Leaf upper epidermis of C. odorata exposed to Zn+3ESV (mag. x400) 
Plate 5: Leaf upper epidermis of C. odorata exposed to Cu+1ESV (mag. x400) 
Plate 6: Leaf lower epidermis of C. odorata exposed to Cu+3ESV (mag. x400) 
Plate 7: Leaf lower epidermis of C. odorata exposed to Cu+5ESV (mag. x400) 
Plate 8: Leaf lower epidermis of C. odorata exposed to Cd+1ESV (mag. x400) 
Plate 9: Leaf lower epidermis of C. odorata exposed to Cd+3ESV (mag. x400) 


Table 6: Changes in stem anatomical parameters of Chromolaena odorata under experimental stress 
at 6 months after sowing 


Stomatal Ctr Cu+ Cu+ Cu+ Cd+ Cd+ Cd+ Mn+ Mn+ Mn+ p- LSD(0.05) 
parameter IESV 3ESV S5ESV 1ESV  3ESV  SESV 1ESV 3ESV  5ESV value 
Parenchyma 79.23 31.68 23.76 43.2 37.62 29.71 40.52 49.51 49.54 25.74 0.008 11.56 
thickness (um) +2.01 +6.42 +7.67 +2.24 +9.67 +7.67 +2.77 +5.64 +2.45 +12.25 
A ag 495.1 455.4 428.6 336.6 514.8 336.6 7326 594.3 514.53 496.2 901, 10969 
. +6.45 ++12.43 +5.21 44.11 +5.24 +3.21 +1.50 +5.77 +6.72 +5.01 ' 
thickness (um) 
Epidermal 49.54 49.74 49.81 49.51 47.72 49.54 49.52 19.83 19.81 31.68 0.041 9.35 
thickness (um) +432 +8.22 +1.34 +5.41 +5.32 +17.20 +3.40 +2.45 +5.43 +1.85 
Xylem 69.31 69.34 46.41 49.53 49.12 49.51 29.82 45.3 43.55 49.5 0.038 132 
thickness (um) +12.3 +6.11 +6.71 +7.24 +3.44 +4.23 +7.89 +8.23 +5.43 +4.32 
Cortex 514.8 574.2 633.6 415.8 376.2 475.2 475.2 495.2 633.6 297.4 <0.001 26.46 


thickness (um) +7.84 +25.02 +2.33 4487 +1683 +27.11 +7.11 +4434 +5.12 +2.34 
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Table 7: Changes in root anatomical parameters of Chromolaena odorata under experimental stress 


Stomatal parameter 
Pith thickness (um) 


Xylem thickness 
(um) 

Vascular Bundle 
thickness (um) 
Epidermal thickness 
(um) 

Cortex thickness 
(um) 


Ctrl 


336.6 
+17.60 
99.23 
+5.11 
455.4 
+12.10 
108.8 
+8.70 
594.1 
+12.01 


at 6 months after sowing (mean +S.E.M) 


Pb+ Pb + 
1ESV 3ESV 
297.2 297.1 
+12.20 +10.50 
99.41 79.22 
+5.90 +4.40 
633.6 554.4 
+13.70 +13.00 
128.7 139.2 
+9.90 +9.80 
497.2 514.8 
+10.11 12.34 


Pb + 
5ESV 
315.4 
+17.10 
148.5 
+7.80 
613.8 
+15.40 
169.5 
+9.20 
297.3 
+3.20 


Zn+ 
1ESV 
295.3 
+16.50 
184.1 
+15.50 
633.6 
+15.70 
198.1 
+9.10 
495.4 
+11.81 


Zn + 
3ESV 
297.2 
+15.40 
139.34 
+5.40 
455.4 
+14.10 
128.7 
+8.20 
653.4 
+12.70 


Zn + p- LSD(0.05) 
SESV value 

297.1 0.138 89.16 
+14.40 

148.5 0.011 42.36 
+10.50 

415.8 <0.001 25.76 
+14.00 

199.7 0.039 16.34 
+9.20 

732.6 0.002 120.35 
+14.00 


Table 8: Changes in root anatomical parameters of Chromolaena odorata under experimental stress 


Stomatal Ctrl 
parameter 

Pith thickness 336.6 
(um) +17.60 
Xylem 99.23 
thickness (um) +5.11 
Vascular 455.4 
Bundle +12.10 
thickness (um) 
Epidermal 108.8 
thickness (um) +8.70 
Cortex 594.1 


thickness (um) 12.01 


Cu+ 
1ESV 
356.2 
+15.90 
99.12 
+5.70 
495.3 
+14.80 


198.4 
+9.00 
554.4 
+15.31 


at 6 months after sowing (mean +S.E.M) 


Cu+ 
3ESV 
297.2 
+16.00 
79.27 
+4.10 
415.8 
+14.71 


199.4 
+9.30 
534.6 
+15.31 


Cu+ 
SESV 
297.2 
+11.20 
49.51 
+3.00 
514.8 
+15.50 


198.1 
+9.11 
594.4 
+15.42 


Cd+ Cd+ Cd+ 
1ESV 3ESV SESV 
316.8 346.1 356.4 
+15.5 +15.70 17.50 
99.83 99.32 49.51 
+5.90 +5.80 +4.20 
475.2 633.6 495.4 
+14.90 +16.10 14.30 
198.1 198.3 198.4 
+9.30 +9.12 +9.54 
495.2 574.2 693.3 
+14.70 +15.88 +16.41 
Stem Anatomy: 


Mn+ 
1ESV 
297.4 
+12.20 
99.52 
+5.60 
336.6 
+13.20 


119.3 
+9.73 
356.4 
+3.84 


Mn+ 
3ESV 
355.1 
+18.40 
108.8 
+7.80 
129.6 
+10.10 


138.8 
+8.01 
633.6 
+16.78 





13 
Plate 10: Transverse section of stem of C. odorata exposed to Cd+1ESV (mag. X100) 
Plate 11: Transverse section of stem of C. odorata in the control treatment (mag. X100) 
Plate 13: Transverse section of stem of C. odorata exposed to Cu+1ESV (mag. x100) 
Plate 14: Transverse section of stem of C. odorata exposed to Cu+3ESV (mag. x100) 


Mn+ p- LSD(0.05) 
S5ESV value 

356.4 0.043 89.06 
+17.70 

99.21 0.017 12.36 
+5.00 

455.4 0.009 25.76 
+14.80 


199.8 0.041 16.34 
+8.87 

495.2 0.015 120.67 
+14.30 
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19 
Plate 15: Transverse section of root of C. odorata exposed to Pb+1ESV (mag. x100) 
Plate 16: Transverse section of root of C. odorata exposed to Pb+3ESV (mag. x100) 
Plate 17: Transverse section of root of C. odorata exposed to Zn+lESV (mag. x100) 
Plate 18: Transverse section of root of C. odorata exposed to Zn+3ESV (mag. x100) 
Plate 19: Transverse section of root of C. odorata exposed to Mn+3ESV (mag. x100) 
Plate 20: Transverse section of root of C. odorata exposed to Mn+5ESV (mag. x100) 


Heavy metals have antagonistic effects on the physiological and biochemical function of plants, 
culminating in reduced growth rate, alterations in morphological features as well as altered 
metabolism. The present study showed that accumulations of heavy metals by plants have significant 
impact on foliar, stem and root anatomy. Paivoke (1983) reported significant reduction in thickness of 
Tansy leaves obtained from polluted sites from Ada Huja. He also reported thickness reduction of leaf 
mesophyll, palisade parenchyma and upper and lower epidermis in plant. Omosun et al. (2008) also 
reported reduced cell size of the epidermis and parenchyma tissue due to Cu toxicity. 


As reported in the study, the possession of thicker parenchyma cell wall in HM-exposed plants 
compared to the control was noted. This suggests that this may just indicate the possibility that C. 
odorata may have deposited HMs in its stem/xylem cell walls. It has been suggested that the cell 
membrane as well as the cell wall interface might be metal tolerance due toa large amount of 
metals stored there. In highly concentrated heavy metal surroundings, some plants increase 
polysaccharide production such as pectin. This is done in order to boost the ability of the cell wall to 
bind metals (Colzi et al., 2011; Pelloux et al., 2007). 


With respect to metal accumulation, different mechanisms exist and various mechanisms exist in 
different plant species. Frey et al. (2000) reported Zn sequestration via epidermal cell vacuoles in T. 
caerulescens. In the leaves of A. halleri. Zn is sequestered in the mesophyll cells (Kupper et al., 2000; 
Zhao et al., 2000; Sarret et al., 2002). It is suggested from this study the presence of a regulatory 
mechanism in leaf mesophyll protoplast particularly the plasma membrane. 


Being insoluble when inside the plant, the metal often form sulphate, phosphate or carbonate 
precipitate which immobilizes them in the extracellular and intracellular compartments (Raskin et al., 
1997). Unless the metal ion is transported as a non-cationic metal chelate, apoplastic transport is 
further limited by the high cation exchange capacity of cell walls (Raskin et al., 1997). In the 
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extracellular pathway, solutes must be taken up via the roots before entering the xylem (Tester and 
Leigh, 2001). 


The intracellular movements of HMs likely occur in the xylem and the presence of the selectively 
permeable membrane makes it highly regulated (Gaymard, 1998). However, most metal ions enter 
plant cells via specific metal ion carriers (Bubb and Lester, 1991). Some harmful heavy metals such 
as Cd compete for the same transmembranic carrier used by a micronutrient heavy metal. This may 
partly explain their ability to enter the cell against a concentration gradient. 


4.0. Conclusions 


The negative impact of accumulated heavy metals on leaf, stem and folia anatomy has been reported 
in the study. Given the important role plant anatomical features play in physiological functions 
including photosynthesis and nutrient absorption and assimilation, it 1s possible that obvious effects of 
heavy metal-induced growth inhibition, decreased water potential, and efflux of cations, alterations in 
membrane functions, inhibition of photosynthesis, respiration, and altered metabolism may have 
resulted from compromised plant anatomy. It is suggested therefore that the extent of anatomical 
changes on plant functions as a consequence of heavy metal exposure be investigated. 
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